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ABSTRACT. Growth performance and haematological parameters were studied in 16 West African dwarf 
(WAD) goats, 9 to 12 mo old, in a 56-d feeding trial of completely randomized design.  The animals were 
randomly divided into four groups of four, each of which was randomly allotted to one of four experimental 
diets, I, II, III, and IV, formulated for 16% crude protein (CP) and containing 0, 5, 7.5, and 10% of dried leaves of 
Newbouldia laevis (NL), in addition to maize grain, wheat offal, palm kernel cake (PKC) and mineral supplements. 
Data collected included feed intake, chemical composition of NL leaves and of the diets, weekly body weights 
(BW), components in blood samples take initially and at conclusion of the experiment.  Addition of increasing 
levels of NL leaves had the effect (P< 0.05) of  progressively reducing the crude fat content from 5.26% (diet I) to 
3.20% (diet IV), but did not consistently affect contents of crude fiber, nitrogen free extractor or ash.  The NL 
leaves contained appreciable levels of tannin, trypsin inhibitor, phytic acid and alkaloid, but these phytochemical 
constituents were not detected in diet I and the levels determined in diets II, III, and IV were far below those that 
might affect animal health.  Dry matter intake (DMI) was highest with diet I (272 g/d), but nearly as high with 
diet IV (269 g/d), thus there was little evidence of a negative effect of NL leaf inclusion on voluntary 
consumption.  In daily BW gain the control (32 g) exceeded (P<0.05) diets III and IV (21 g) but not II (27 g).  A 
similar pattern of treatment effects was observed for feed conversion ratio (FCR) and protein efficiency ratio 
(PER).  Thus dietary levels of NL leaves above 5% adversely affected productive performance.  The values 
obtained for packed cell volume (PCV), white blood cells (WBC), red blood cells (RBC), haemoglobin (Hb), mean 
corpuscular volume (MCV), mean corpuscular haemocrit (MCH), and mean corpuscular haemoglobin 
concentration (<CHC) were all within normal ranges and no sign of a consistent positive or negative trend with 
increasing dietary NL leaf inclusion was detected. 
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Crecimiento y parámetros hematológicos de cabros de raza africana  occidental enana 
alimentados con diferentes niveles de hojas de Newbouldia laevis 
Resumen. Se estudió el desempeño productivo y parámetros hematológicos en 16 cabros de la raza africana 
occidental enana, de 9 a 12 meses de edad, en un experimento de 56 d de duración con un diseño completamente 
aleatorio.  Se repartieron los animales al azar en cuatro grupos iguales y se asignaron los mismos al azar a las 
cuatro dietas experimentales, I, II, III y IV, formuladas para 16% de proteína bruta, que incorporaron 0, 5, 7.5 y 
10%, respectivamente, de hojas secas de Newbouldia laevis (NL), en adición a maíz en grano, subproductos de la 
molienda de trigo, torta de semilla de palma y suplementos minerales.  Los datos recolectados incluyeron 
consumo de alimento, composición química de las hojas de NL y de las dietas, pesos corporales semanales y 
componentes sanguíneos iniciales y al final del experimento.  Al incrementar el nivel de hojas de NL se redujo 
(P <0,05) progresivamente el contenido de grasa bruta desde 5.26% (dieta I) a 3.20% (dieta IV), pero no hubo 
efecto consistente sobre los contenidos de fibra bruta, extracto libre de nitrógeno y cenizas.  Las hojas de NL 
presentaron contenidos apreciables de tanino, inhibido de tripsina, ácido fítico y alcaloide, pero no se detectó 
estos componentes fitoquímicos en la dieta I y sus niveles en las II, III y IV fueron muy por debajo de los que 
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podrían afectar la salud animal.  El consumo de materia seca fue mayor con dieta I (272 g/d), pero casi tan alto 
también con dieta IV (269 g/d), así que hubo escasa evidencia de un efecto negativo de las hojas de NL sobre el 
consumo voluntario.  Referente a la ganancia diaria de peso, la dieta testigo (32 g) superó (P <0.05) a las dietas 
III y IV (21 g), pero no a la II (27 g).  Se vio un patrón similar de los efectos de los tratamientos en las variables, 
razón de conversión alimentaria y razón de eficiencia proteica.  En fin, los niveles dietéticos de NL arriba de 5% 
desmejoraron el desempeño productivo.  Los valores obtenidos de hematocrito, células blancas, células rojas, 
hemoglobina, volumen corpuscular media, hemocrito corpuscular media y concentración de hemoglobina 
corpuscular media cayeron todos dentro de límites de lo normal y no se detectó ninguna tendencia consistente 
sea positiva o negativa al aumentar el nivel de NL en la dieta.   
Palabras clave: Cabros africanos occidentales enanos, Consumo, Crecimiento, Fitoquímicos, Hojas desecadas, 
Peso Corporal. 
Introduction 
Traditionally, pasture herbage, forbs, and browse 
have been the primary and most economical sources of 
nutrients for goats.  In some cases, pasture is all these 
small ruminants need to meet their nutritional 
requirements (Owens et al., 1993).  The feeding pattern 
of West African dwarf (WAD) goats is characteristic of 
the native husbandry practice whereby they scavenge 
for their subsistence (Daramola et al., 2005).  However, 
due to scarcity of green fodder for these natural 
browsers, particularly in the dry season, attempts have 
been focused on utilization of the abundant but 
unconventional foliages by goats in this tropical region 
which tend to be green all-year-round.  A large 
proportion of the local floral is used to feed various 
domestic animals (Rehm and Epsig, 1991, Osakwe, 
2006), and naturally occurring browse species such as 
Fiscus exersperata, Asphilia africana, Spondias mombin, 
Cyclicodisus gabunenis, and Newbouldia laevis etc., 
constitute a vital dietary component for sheep and 
goats, especially the latter. 
Newbuoldia laevis (NL) (Bignoniaceae) commonly 
known as African border tree (Hausa-Aduruku or 
Bareshi, Igbo-Ogirisie, Yoruba-Akoko) is a fast-
growing evergreen shrub or small tree, that only 
reaches a height of 3-8 m in the west of its range, but 
can attain greater height in the east. The tree has a 
range of local medicinal uses (Burkill, 1985), for 
which its parts are gathered from the wild.  It is often 
grown as a living hedge to mark boundaries, and 
sometimes as an ornamental valued for its flowers. 
The leaves are smooth and evergreen (Barwick, 
2004). 
Nutrient limitations prevent goats from 
attaining their genetic potential.  An optimal growth 
rate and feed utilization efficiency in accord with the 
inherent genetic potential of a particular category of 
animal, depends on accurate evaluation of their 
nutrient requirements and feeding practices that 
meet those requirements (Mandal et al., 2005).  
The present study seeks to provide data on 
productive performance and haematological para-
meters of WAD goats fed a basal diet of concentrates 
with varying levels of inclusion of NL leaves. 
Materials and Methods 
Experimental site 
The research was conducted at the Small 
Ruminant Unit of the Directorate of University 
Farms (DUFARMS), Federal University of 
Agriculture, Abeokuta, located at Lat. 7o10’ N and 
Long. 3o2’ E, Ogun State, Nigeria, in a tropical 
rainforest region of the country.  Mean annual 
rainfall is 1037 mm and maximum daily temperature 
is 28o and 36oC in the wet and dry season, 
respectively (Google Earth, 2006) 
Animals, Housing, and Management 
Sixteen WAD goats, aged between 9 and 12 Mo 
and purchased from villages of the Abeokuta 
environ, were used for the experiment.  The animals 
were allowed to adapt to the experimental farm for 28 d 
during which they were assessed with regard to their 
health status and suitability for the experiment. They 
were dewormed and treated against endo and 
ectoparasites using Ivomec injection (0.1 mL/kg body 
weight), and vaccinated against pest de petit ruminants 
(PPR) with the corresponding vaccine.  The animals 
were housed individually under semi-open 
conditions inside a building bounded by metal sheets 
2 m high, set over a 0.2 m wooden wall.  The interior 
was divided into 16 (1 x 1 m) pens, each of which had 
a separate door and was adequately equipped with 
feeding and watering containers.  The roof was made 
of corrugated sheet metal sloped from the middle (3 m) 
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to the sides (2.5 m).  The wooden floor had a 
reasonable inclination for drainage. 
Experimental diets 
Leaves of mature NL tree were collected, air 
dried at room temperature for a week, crushed and 
mixed with each diet at the appropriate level.  Four 
iso-nitrogenous diets formulated to contain 16% CP 
were composed of the following ingredients: whole 
maize, wheat offal, palm kernel cake (PKC), bone 
meal, oyster shell, and salt.  Diets I through IV 
incorporated 0, 5, 7.5, and 10% NL leaves, respect-
tively.  The feed was custom-made by FUNAAB 
Leventis Agro-services, Kotopo, Abeokuta. The 
composition of the experimental diets is presented in 
Table I.  Water was provided ad-libitum.   
Data collection 
Animals were individually weighed in the 
morning before feeding at commencement of the 
experiment and, thereafter, at 7-d intervals to the 
nearest 0.5 kg using a sheep balance of 50 kg capacity. 
Feed intake was determined daily as the difference 
between the weights of feed offered and refusals. 
Body weight and feed intake data were used to 
calculate daily weight gain and feed conversion ratio 
(FCR).  Samples of NL leaves and the four experi-
mental diets were analysed for gross chemical 
composition in terms of moisture, ash, crude protein, 
crude fat, crude fibre, and nitrogen-free-extract 
(AOAC, 2000). The crude fat determination was by 
Bligh dyer technique.  A series of four phytochemical 
constituents were determined by the methodology of 
Plant Science (2011). 
Blood samples (10 mL) obtained from the jugular 
vein were analysed immediately after collection as 
described by Jain (1993) and Lamb (1981).  
Subsamples of 5 mL were placed into sample bottles 
containing the anticoagulant EDTA (2 mg/mL of 
blood).  The constituents determined were packed cell 
volume (PCV), red blood cells (RBC), white blood 
cells (WBC), haemoglobin (Hb), mean corpuscular 
volume (MCV), mean corpuscular haemocrit (MCH), 
and mean corpuscular haemoglobin concentration 
(MCHC).  
Experimental design and Statistical Analysis 
The 16 WAD goats were divided into four equal 
groups, which were randomly allotted among four 
experimental diets containing 0, 5, 7.5, and 10.0% NL 
leaves in a completely random design.  All data were 
subjected to one-way analysis of variance using a 
general linear model (SPSS, 2010).  Significant means 
(P<0.05) were separated using New Duncan multiple 
range test.  
Results and Discussion 
The addition of 5, 7.5 and 10% of NL leaves in diets 
II, III, and IV was at the expense of PKC, whereas 
wheat offal level was higher and maize slightly higher 
in these diets than in control diet I.  The remaining 2% 
of ingredients in the formulas remained constant 
(Table 1).  Relative to chemical composition of the 
control, the NL leaves were 0.7 percentage point lower 
in DM content (90.6 vs. 89.9%) and a corresponding 
slight decreasing tendency (not significant) was seen in 
the DM contents of diets I thru IV (Table 2).  The NL 
leaves also showed 2.06 percentage points lower crude 
fat content than the control and this was reflected in 
significantly (P< 0.05) decreasing values from diet I 
(5.26% crude fat) to diet IV (3.20%) as NL leaf inclusion 
increased.  However the lower content of NFE (58.3 vs. 
51.3%) and higher contents of crude fibre  (5.09 vs. 7.68) 
Table 1. Ingredient composition (%) and calculated analysis of experimental concentrate diet 
Diet 
Ingredient       I       II      III       IV 
Maize 10.00 12.00 11.50 11.00 
Wheat offal 38.00 45.00 44.00 43.00 
Palm Kernel Cake  50.00 36.00 35.00 34.00 
Bone meal 1.00 1.00 1.00 1.00 
Oyster meal 0.50 0.50 0.50 0.50 
Salt 0.50 0.50 0.50 0.50 
Newbouldia laevis leaves   0.00 5.00 7.50 10.00 
100.00 100.00 100.00 100.00 
Calculated analysis 
Crude protein (%) 16.00 16.00 16.00 16.00 
Metabolizable energy(MJ/Kg) 10.79 10.61 10.42 10.23 
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and ash (7.41 vs. 8.74%) in NL leaves relative to the 
control were not reflected in consistent patterns of 
change across the four diets, eventhough significant 
differences existed among individual diets (Table 2). 
The four diets were formulated to be isonitrogenous, 
thus the higher CP content of the NL leaves (18.8%) 
over the control (14.6%) was prevented from creating 
differences in CP values across the treatments. 
Analysis of the NL leaves revealed appreciable 
levels of tannin, trypsin inhibitor, phytic acid and 
alkaloid (Table 2), whereas these four phytochemical 
constituents were not detected in the control diet. Diet 
IV showed higher levels (P< 0.05) of tannin, trypsin 
inhibitor and phytic acid than diets II and III, while 
the latter two did not differ significantly.  Alkaloid 
content was lower (P< 0.05) in diet III than in diets II 
and IV, which departs from a consistent pattern with 
increasing NL leaf inclusion.  The values of these 
phytochemical constituents found in diets II, III, and 
IV were far below these which could impair the 
animals’ health (Onwuka, 1992; Ravindran et al., 1994; 
Ojiako and Igwe, 2008).  Published reports on levels 
of these constituents include that of Ajayi et al., (2009), 
giving ranges (mg/100 g) for tannin, 2.8-6.25 trypsin 
inhibitor, 17.6-24.6; phytic acid 25.0-27.2; alkaloid, 0.5-
1.2; in diets consisting of elephant grass with 
pineapple pulp, pigeon pea plants, and lime bean 
plants fed to WAD goats.  All these values far exceed 
those of the present diets.  Babayemi et al., (2006) 
reported corresponding values of 1.05-1.38; 0.2-0.5; 
2.17-2.31; and 0.6-1.2 for diets of Panicum maximum 
and concentrates supplemented with lablab, leucaena 
and gliricidia foliage.  These results show agreement 
with Ajayi et al. (2009) regarding alkaloid content but 
are much lower in levels of phytic acid and trypsin 
inhibitor while still clearly exceeding the results of the 
present study. 
As shown in Table 3, feed intake DMI did not 
differ significantly (P>0.05), however, ranking of the 
diets in decreasing order was I, IV, III, II, which 
suggests only a small and not consistent negative effect 
of NL leaf inclusion at levels of up to 10% of the diet on 
voluntary consumption.  Final BW did not differ 
among diets (P>0.05), but in total and daily weight gain 
the control surpassed (P<0.05) diets III and IV, but not 
diet II.  Protein intake was not different, but PER was 
inferior (P<0.05) with diet IV compared to I, but not II 
and III.  FCR was better (P<0.05) for diets I and II than 
for IV, while their advantage over III did not reach P = 
0.05.  These results indicate good animal performance 
with 5% of NL leaf in the diet, but increasingly poorer 
results at higher levels of NL leaf inclusion. 
Three of the seven haematological variables 
studied (PCV, RBC, and MCHC) showed different 
(P<0.05) initial levels among the groups of goats 
destined to receive the four dietary treatments (Table 
4), which can only be ascribed to random variation in 
the process of assigning animals to treatments.  With 
regard to PCV and RDC, diet III group had an initial 
advantage and diet IV group a disadvantage, but in 
the case of both variables the mean of group III 
decreased and that of group IV increased from first to 
second blood sampling so that at the latter significant 
differences were absent.  In MCH an initial 
disadvantage of group IV was overcome by an 
increase from first to second sampling, whereas the 
opposite occurred with group II of a decrease 
between samplings and a lower (P<0.05) value at 









(90C:10NL) SEM N. laevis 
Dry matter (%) 90.60 89.87 89.60 89.50 0.17 89.9 
Crude protein(%) 14.62 15.02 14.86 14.95 0.09 18.81 
Crude fat (%) 5.26a 4.47b 3.78c 3.20d 0.20 3.34 
Crude fibre (%) 5.09b 3.84 c 3.88 c 6.36 a 0.27 7.68 
Total ash (%) 7.41a 6.77b 7.32 a 6.25 c 0.13 8.74 
NFE (%) 58.27b 59.42 a 59.76 a 58.74 b 0.17 51.33 
Tannin (mg/100g) 0.00c 0.50 b 0.37 b 0.61 a 0.06     13 260 
Trypsin inhibitor (mg/100g) 0.00 c 0.08 b 0.08 b 0.12 a 0.01 215.60 
Phytic acid (mg/100g) 0.00 c 0.43 b 0.40 b 0.60 a 0.06 12 560 
Alkaloid (mg/100g) 0.00 c 0.003 a 0.001 b 0.003 a 0.00 1.95 
100C = 100% Concentrate; 95C:5NL= 95% Concentrate + 5% Newbouldia Laevis; 92.75C:7.5NL = 92.75% Concentrate +  
7.5 Newbouldia Laevis; 90C:10NL = 90% Concentrate + 10% Newbouldia Laevis.  
SEM = Standard error of mean. 
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second sampling than the other treatments.  Of the 
four variables (WBC, Hb, MCV, MCH) with no 
significant initial differences among treatments 
groups, Hb and MC also showed no differences 
among treatments at the second sampling.  As for 
WBC, group IV markedly increased its value from 
first to second sampling and was superior (P<0.05) to 
the other groups at second sampling.  With regard to 
Table 3.  Performance characteristics of West African Dwarf goats fed diets with four levels of Newbouldia 
laevis leaves inclusion 
Diet 
Parameters  I    II   III  IV    SEM 
(100C) (95C:5NL) (92.5C:7.5NL) (90C:10NL) 
Initial body weight (kg) 6.63 5.75 6.33 6.33 0.33 
Final body weight (kg) 8.4 7.28 7.5 7.48 0.33 
Feed intake (g/d) 300 263 274 291 14.4 
Dry matter intake (g/d) 272 236 245 269 12.9 
Total weight gain (g)  1.77a 1.53 ab 1.17 ab 1.15 ab 124 
Daily weight gain (g) 31.6 a 27.3 ab 20.9 ab 20.5 ab 2.4 
Protein intake (g) 40.8 35.4 36.8 39.1 4.18 
PER 0.83a 0.75ab 0.58ab 0.39b 0.07 
a,b:Mean along the same row with similar superscripts are not significantly different (P> 0.05) 
SEM: Standard error of mean. FCR : Feed Conversion Ratio. PER : Protein efficiency ratio 
 
Table 4. Haematological parameters of West African dwarf goats fed diets with varying levels of Newbouldia 
leavis leaf inclusion 
Diets 
    I       II     III      IV 
Haematological 
parameters   (100C)     (95C:5NL)  (92.5C:7.5NL)     (90C:10NL)     SEM 
Initial PCV (%) 21.80ab 21.45ab 27.00a 17.70c 0.12 
Final PCV (%) 24.45 25.50 25.50 23.94 0.15 
PCV mean  difference 2.65b 4.050b -1.50c 6.24a 0.89 
Initial WBC  (x 103 µ/L) 16.10 21.45 18.50 18.60 1.6 
Final WBC  (x 103 µ/L) 19.80ab 18.90ab 15.20c 24.80a 0.95 
WBC mean  difference 3.70 b -2.55 c -3.30 c 6.23 a 0.61 
Initial RBC (x 1012 µ/L) 14.60ab 14.23ab 17.89a 11.22c 1.01 
Final RBC (x 1012 µ/L) 15.42 16.26 17.03 15.67 0.47 
RBC mean  difference 0.82 b 2.03 b -0.86 c 4.45 a 0.61 
Initial Hb (g/L) 72.67 71.50 90.00 59.00  5.11 
Final Hb (g/L) 81.50 85.00 85.00 79.80 2.42 
Hb mean  difference 8.83 c 13.50 b -5 d 20.80a 2.86 
Initial MCV(fL) 13.43 13.55 13.4 16.00 0.53 
Final MCV(fL) 13.95 13.5 13.15 14.10 0.21 
MCV mean  difference 0.52 a -0.05 a -0.25 a -1.9 b 0.3 
Initial MCH (fmol) 4.93 4.95 5 5.2 0.06 
Final MCH (fmol) 5.25a 4.45b 4.85ab 5.05ab 0.12 
MCH mean  difference 0.32 a -0.50 c -0.15 b -0.15 b 0.09 
Initial MCHC (g/l) 371.67a 369.00a 375.00a 329.00b 0.01 
Final MCHC (g/l) 379.00a 334.50b 380.00a 362.00a 5.85 
MCHC mean  difference 7.33 b -34.5 c 5.00 b 33.00 a 7.48 
PCV:  Packed cell volume; WBC:  White blood cells; RBC: Red blood cells: Hb: haemoglobin; MCV: Mean corpuscular volume; 
MCH: Mean corpuscular haemocrit; MCHC:  Mean corpuscular haemoglobin concentration 
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MCH, it was group I that showed a big positive 
change between the two samplings and superiority to 
group II but not III and IV at second sampling. 
Overall the most important observation was the lack 
of any consistent positive or negative trend with 
increasing dietary level of NL leaves in all seven 
blood variables in question. 
Suggested normal values in WAD goats, found in 
the literature, for five of these blood variables are as 
follows:  PCV, 15-30% (Orhervata et al., 2004); WBC, 
6.8-21.0 x 103 μ/L (Daramola et al., 2005); Ikhimioya, 
and Imasuen (2007); MCV, 8-17 fL (Daramola et al. 
2005); MCH, 4-8 fmol (Daramola et al. 2005); MCHC, 
320-385 g/l (Daramola et al. 2005).  All the mean values 
observed at both samplings can be considered normal 
according to these guidelines.  Textbook values for 
goats in general for the remaining two variables are: 
Hb, 50-130 g/L (Jain, 1993) and RBC, 8-17 x 103 μ/L 
(Sirois, 1995).  Here again there is no indication of 
present values falling outside of normal limits. 
Conclusion 
The present data based on few animals per 
treatment and a short experimental period for assess-
ing effects on growth, suggest that NL leaves, a 
relatively high CP source, can form a low proportion of 
diets for WAD sheep that result in adequate 
productive performance. 
Under the present conditions of a good basal 
diet fed to healthy WAD sheep, the addition of NL 
leaves had no discernible benefits to further improve 
animal health as judged by the haematological 
variables studied.  
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